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the  simplest  theory  accounting  for  why  phenylacetylene  induces  metatheses 
and  why  the  yields  and  molecular  weights  of  the  polypentenamer  formed  by 
combining  (phenylmethoxycarbene)pentacarbonyltungsten  with  phenylacetylene 
and  cyclopentene  decrease  as  the  phenylacetylene  concentration  is  increased 
Evidence  for  the  theory  is  found  in  gel  permeation  chromatograms  of  the 
polymers  showing  that  polyalkenamer  and  polyacetylene  units  are  linked. 
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Reactivities  of  Metal -Carbenes  Toward  Alkenea  and  Alkvnes 

Sir: 

In  this  paper  we  report  data  showing  that  stabilized  metal -carbenes 
react  much  faster  with  acetylenes  than  with  alkenes,  while  unstabilized 
metal -carbenes  select  oppositely.  This  data  was  obtained  in  accounting 
for  acetylenes  both  inducing  an  otherwise  Ineffective  metal-carbene  to 
initiate  olefin  metathesis  and  also  quenching  the  reaction.^ 

We  suppose  that  a  metal-carbene  combines  with  an  acetylene  (like 
phenylacetylene)  according  to  Scheme  1  of  the  preceding  paper ,  transform¬ 
ing  the  initial  metal-carbene  ^  into  (eq  1  below).  then  reacts  with 


c«v 

CHjO' 


:c  -  w(co)9 


(1) 


more  of  the  acetylene  according  to  eq  2;  ?2  07  a  higher  homologue,  PQ, 


reacts  with  the  olefin. 


say  a  cycloalkene,  giving 


(eq  3);  and 


then 


.  Q _ !!f! — 


(3) 


propagates  the  aeta thesis  la  the  usual  way  (eq  4) ,  We  suppose  that 


eq  5,  a  plausible  analogue  of  the  transformations  above,  whose  action  is 


essentially  the  reverse  of  eq  3,  accounts  for  the  quenching. 

Figure  1,  depicting  gel  permeation  chromatograms  of  polymers  formed 
from  cydopentene  and  varying  amounts  of  phenylacetylene,  supports  these 
ideas,  for  the  intensity  of  absorption  of  400  nm  light  (which  measures 

2  3 

polyphenylacetylene  units  but  not  polyalkenamers  )  parallels  the  intensity 
of  refractive  index  changes  (which  measures  the  amount  of  bulk  polymer, 
mainly  polyalkenamer),  implying  that  polyphenylacetylene  and  polyalkenamer 
units  are  attached. 

An  alternative  theory  for  the  quenching,  involving  either  the  acety¬ 
lene  or  its  polymer  combining  with  J,  destroying  its  initiating  ability, 
and  thereby  decreasing  the  number  of  polymer  chains,  might  accosnodate 
this  observation,  but  it  cannot  be  correct  because  as  Figures  1  and  2 
show,  the  molecular  weights  do  not  increase  with  phenylacetylene  concen¬ 
tration  as  they  should.*  However,  if  eq  5  applies  and  growing  polyphenyl- 
acetylenes  terminate  easily  (which  seems  plausible  since  polyacetylenes 

are  consonly  found  to  have  much  lower  molecular  weight* than  polyalken- 
4  9 

amera  *  ),  then  capping  a  growing  polyalkenamer  with  a  phenylacetylene 
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wlll  Indeed  Increase  the  probability  of  its  early  termination. 

The  chromatograms  also  provide  data  for  quantitative  analyses  of 

the  equations.  They  are  bimodal  (presumably  the  high  molecular  weight 

9 

material  is  largely  polypen tenamer  and  the  low  molecular  weight  material 
polyphenylacetylene^) ,  and,  as  summarized  in  Table  1,  the  ratio  of  the  areas 
under  the  high  and  low  molecular  weight  peaks  monitored  by  the  light  ab¬ 
sorption  is  independent  of  the  amount  of  phenylacetylene  in  the  reaction 
mixture.  This  accords  with  our  hypothesis  since  whether  a  polyphenylace- 
tylene  chain  does  or  does  not  have  a  polyalkenamer  attached  to  it  depends 
on  the  concentration  and  reactivity  of  the  cycloalkene,  not  the  acetylene. 
The  area  ratio  therefore  measures  this  reactivity. 

The  fraction  of  the  phenylacetylene  polymerized  (measured  by  the 
amount  of  light  absorbed)  and  the  total  number  of  polymer  chains  (measured 
by  the  yields  and  molecular  weights)  are  also  both  Independent  of  the  con¬ 
centration  of  phenylacetylene,  Implying  that  the  rate  of  initiation,  eq  1, 

13  14 

is  Independent  of  this  concentration  too.  * 

Assuming  that  termination  involves  reaction  of  two  P  chains,  the  slope 

of  the  line  in  Figure  2  implies  that  k  _/k  •  0. 125±0.03  and  the  slope  of 

cp  cc 

the  line  ia  Figure  1  of  the  preceding  paper  that  kpp/kpc  ■  170*55.^'^ 

(If  termination  were  unlmolecular  in  P,  the  corresponding  figures  would  be 
0.178±0.04  and  119*41. )16'17 

Similar  data  for  cyclooctene  are  less  complete,  but  preliminary 

results  imply  that  k/k  „  is  at  least  4  times  smaller  and  k  /k  at 
/  cp  cc  pp  pc 

least  100  times  larger. 

18*20 

Thus  £'s,  like  other  electrophiles,  react  faster  with  alkenes 

than  with  the  acetylene.  But  the  stabilised  metal-carbenes  £,  unlike  the 
unstablllzed  g's,  discriminate  very  much  more  and  Inversely,  which  is 


Table  1.  Summary  of  Yields  and  Polymer  Distributions  Resulting  When  Cyclopentene  (100  eq),  Phenylacetylene 
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are  listed.  -Both  attached  to  and  free  of  polyalkenamer.  Measured  by  comparing  the  absorption  at  400  nm 
with  that  of  pure  PPA.  When  x  Is  small,  small  amounts  of  polyphenylacetylene  of  low  molecular  weight  may 
be  lost  during  the  Isolation. 
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strange,  but  accords  with  1  (also  a  stabilized  metal-car bene)  reacting 

1  7  22  23 

much  more  quickly  with  acetylenes  than  with  alkenes.  9  9  9 

AfiklUBdLsdlBSUfti*  are  grateful  to  Yuan-Chi  Ying  for  assisting  with 
the  experiments  with  cyclooctene  and  to  the  National  Science  Foundation 
(CHE-77-22726)  and  the  U.S.  Office  of  Naval  Research  for  support. 
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Gel  permeation  chromatograms  in  toluene  on  u-styragel  columns 
(exclusion  limits  10^,  10^,  10*,  10^,  500  A°)  of  the  polymer  obtained  from 
cydopentene  (100  equlv),  phenylacetylene  (x  equlv) ,  and  J  (1  equlv)  after 
21.5  h  at  50  °C.  Analyses  were  by  refractive  index  (top  chromatogram)  and 
by  light  absorption  at  400  nm  (bottom  three  chromatograms). 

The  relationship  between  the  number  average  molecular  weight 
of  the  polypentenamer  and  the  ratio  of  phenylacetylene  and  cydopentene 
combined  with  J  at  50°.  The  data  are  from  Table  1. 


(1/Mn  )  x  10' 


(1)  Katz,  T.J.;  Lee,  S.J.;  Nair,  M.;  Savage,  E.B.  J.  Am,  Chem.  Soc.  1980,  102, 
XXXX. 

(2)  The  electronic  spectrum  is  published  in  Masuda,  T.;  Sasaki,  N.;  Higashi- 
mura,  T.  Macromolecules  1975,  JJ,  717. 

(3)  Polypentenamer  made  using  (diphenylcarbene)pentacarbonyltungsten  as  the 
initiator  (ref  4)  exhibits  <100  times  as  intense  absorption  at  400  nm. 

(4)  Katz,  T.J.;  Lee,  S.J.;  Acton,  N.A.  Tetrahedron  Lett.  1976,  4247. 

(5)  They  decrease  also  when  phenylacetylene  (10  mol)  is  added  to  (diphenyl- 
carbene) pen tacarbonyl tungsten  (1  mol)  and  cyclopentene  (100  mol)  from 
Mw  -  5.3  x  105,  MQ  -  3.1  x  105  to  Mw  -  4.6  x  104,  Mq  -  1.7  x  104.  The 
reactions  were  effected  at  40  °C  for  16  h,  and  the  yields  of  polypentena¬ 
mer  were  46Z  and  22Z. 

(6)  M  *s  for  polyphenylacetylene  made  in  a  number  of  ways  with  metal  catalysts 

2  7  8 

range  from  about  1,000  to  15,000,  and  are  commonly  around  7,000*  *  * 

(7)  Katz,  T.J.;  Lee,  S.J.  J.  Am.  Chenu  Soc.  1980,  102,  422. 

Inter  alia  (a)  Kern,  R.J.  J.  Polym.  Sci.,  Part  A-l  l£69f  ]_$  621.  (b) 
Kushnerev,  M.I.;  Bantzirev,  G.I.;  Cherkashin,  M.I.;  Berlin,  A.  Bull.  Acad. 
Sci.  USSR  20,  2161.  (c)  Simionescu,  C.I.;  Percec,  V.;  Dumitrescu,  S. 

J*  Polym.  Sci.,  Polym.  Chem.  Ed.  ^£77,  15^,  2497.  (d)  Biyani,  B.;  Campagna, 
A.J.;  Daruwalla,  D. ;  Srivastava,  C.M. ;  Ehrlich,  P.  J.  Macromol.  Sci. -Chem. 
A9,  327.  (e)  Nguyen,  H.X.;  Amdur,  S. ;  Ehrlich,  P.  Polym.  Prepr..  Am. 
Chem.  Soc..  Dlv.  Polym.  Chem.  J£77,  ii»  200.  (f)  Masuda,  T.;  Thleu,  K.-Q. 
Hlgashlmura,  T.  Polym.  J.  J978,  10,  269.  (g)  Woon,  P.S.;  Farona,  M.F. 
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(9)  Polyalkenamers  have  molecular  weights  that  are  usually  between  10  and 
106  (see  references  4  and  10) . 

(10)  Inter  alia  (a)  Witte,  J.;  Hoffmann,  M.  Makromol.  Chem.  1978,  179.  641.  (b) 
P.  GUnther  et  al.  Angew.  Makromol.  Chem.  ^970,  14.  87.  (c)  Glenz,  W. ;  Hol- 
trup,  W.;  Ktlpper,  F.W.;  Meyer,  H.H.  Angew.  Makromol.  Chem.  ^974,  J7,  97. 
(d)  Calderon,  N.;  Ofstead,  E.A.;  Judy,  A.W.  J.  Polym.  Scl.,  Part  A  lg67, 

J5,  2209.  (e)  Arlle,  J.-P.;  Chauvln,  Y.;  Commereuc,  D.;  Soufflet,  J.-P. 
Makromol.  Chem.  J974,  175.  861. 

(11)  This  should  be  true  if  gel  permeation  chromatography  measures  end-to-end 

2  -5 

dimensions  of  polymers  and  the  dimensions  (L  /M)  *  for  the  polyalkenamers 

o 

can  be  estimated  as  the  weighted  averages  of  their  components,  1.07  A°  for 
polyethylene  and  0.920  A®  for  cis-polybutadiene  (ref  12).  Then  value  of 


(I-o ,7M)'a for  the  polypentenamer  divided  by  (LQ2/ M)*5  for  the  polystyrene  is 

0  *  A  9  e  (For  polyheptenamer  the  value  is  0*46  and  for  polyoctenamer  0.45*) 

(12)  (a)  Dawkins,  J.V.  Eure  Polynu  J.  1970,  831.  (b)  Dawkins,  J.V.;  Denyer, 

R.;  Maddock,  J.W.  Polymer  W69,  10,  154. 

(13)  This  conclusion  contrasts  with  that  of  the  only  related  study,  concern- 
ing  the  rates  at  which  ynamines  react  with  ^  and  related  molecules: 
Fischer,  H.;  D8tz,  K.H.;  Cheme  Ber.  1980,  113,  193. 

(14)  The  number  of  polymer  chains  is  30%  of  the  lowest  number  of  moles  of 
^  used  in  the  experiments  in  Table  1  and  3%  of  the  highest  number. 


US)  1  .  kcp  [C6H5C5CH]  r  R^d- 


k£c  [cydopentene] 


~  R^(l-R)  ~ 

_  2-(R+Rls)J  , 


where  I  *  M  /68,  and  R  -  the 
n 


ratio  of  the  area  under  the  low  molecular  weight  peak  in  Figure  1  divided 


by  the  area  under  both  peaks. 


(16) 


i  K~Kr>  (  ^  )  {C,H-C=CH1 

T  "  (  y*  ’  1)  [ cyclopentene]^  +  X*  where  *  “d  *'  are  the 

fractional  yields  of  polyalkenamer  and  polyphenylacetylene  respectively. 
Subscript  zero  refers  to  initial  concentrations. 


(17)  ^  [C6H5C£CH]R 

5  *  k  [cyclopentene] 

n  cc 

(18)  Bromine  and  acid:  Yates,  K.;  Schmid,  G.H.;  Regulski,  T.W.;  Garratt, 

D.G.;  Leung,  H.— W.;  McDonald,  R«  J«  Am»  Chem.  Soc.  1 973, 

(19)  Transition  metal  ions:  Hartley,  F.R.  ChgB»  Rev. 

(20)  Carbenium  ions  are  anomalous:  Marcuzzl,  F«;  Melloni,  Ge  Tetrahedron  Lett. 
1975a  2771a 

(21)  It  correlates  with  nucleophilic  reactivity:  Dickstein,  J.I*;  Miller, 

S*I.  In  "Chemistry  of  the  Carbon-Carbon  Triple  Bond,"  Fatal,  S.,  Ed.; 

John  Wiley  and  Sons  Inc.:  New  York,  1978;  Vol.  2,  pa  813  ffa 

(22)  Katz,  T. Je ;  Acton,  N,  Tetrahedron  Lett.  ^£76,  4251* 

(23)  £’s  are  presumably  less  stabilized  than  which  is  why  they  Initiate 
me ta theses  that  ^  does  not. 
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